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COMPLETE SPECIFICATION 

The inventors of this invention in the sense of being the actual devisers thereof within the 
meaning of Sect 16 of the Patents Act 1949 are:— Helmut Nonnenmachbr, Hams- 
Martin Weitz and Carl-Heinz Willersinn, citizens of the Federal Republic of Germany, 
residing, respectively at 9 Wolframstrasse, Ludwigshafen/Rhein; 20 Cad-Bosch-Ring, 
Frankentnal/Pfalz; and 84 Wittdsbachstrasse, Ludwigshafen/Rhein; Federal Republic 
of Germany. 

Separation of Methacrylic Add and Acrylic Acid 



We, Badisghe Aniltn- & Soda-Fabrik 
AicnEMGESELLSOaAFT, a German Joint Stock 
Company, of Ludwigshafen/Rhein* Federal 
Republic of Germany, do hereby declare the 
invention, for which we pray that a Patent may 
be granted , to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to a new process for 
separating (mcth)aarylic acid from mixtures 
containing methacrylic or acrylic add or 
methacrylic acid and acrylic acid. The expres- 
sion "(mem)acrylic aad" as used in the 
preceding sentence and hereinafter is intended 
to mean "at least one of the compounds 
methacrylic acid and acrylic acid". 

In numerous processes for the production of 
(merh)acrylic acid these compounds are 
obtained in impure form, especially as aqueous 
solutions which contain small amounts of 
saturated carboxylic acids. Purification is 
usually carried out by distillation. Since how- 
ever (methacrylic add has a higher boding 
point than water, considerable amounts of heat 
25 are required for separation if the solution has a 
high water content; owing to the high heat of 
vaporization of water. It is therefore advan* 
as to extract (meth)acrylic add from 
us solutions and to isolate it by distillation 
the organic phase, 

A large number of solvents have been 
proposed for the extraction of (meth)acrylic 
add from aqueous solutions: petroleum ether, 
benzene, toluene, chloroform, carbon terra- 
35 chloride, dichloroethane, trichloroemylene, 
tetrachloroethylene, butanol, diethyl ether, 
di-isopropyl ether, methyl ethyl 
(Prke4s.6d.) 
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acetophenone, ethyl acetate, isopropyi acetate 
and acrylic esters. However, extraction with 
these solvents has a number of disadvantages. 
The boiling points of many of the solvents are 
lower than the boiling point of (mcth)aaylic 
add. To separate the solvent from the extract 
it must be distilled off; this " ywv larger heat 
consumption. Some solvents are difficult to 
separate from (meth)acrylic acid by distillation, 
while many solvents necessitate the addition of 
salts to the aqueous phase (salting-out effect), 
the recovery of the salt from the aqueous 
solution presenting difficulties. 
Moreover, the solvents proposed have low 

partition coefficients K (¥^=~ where Q 

denotes the concentration of (meth)acrylic acid 
in percent by weight in the organic phase and 
Cg denotes the concentration of (meth)acrylic 
acid in percent by weight in the aqueous phase). 
Low partition coefficients necessitate multi- 
stage extraction or the use of larger amounts of 
solvent in order to ensure practically quantira- 60 
thre separation of (meth)acrylic acid from the 
aqueous phase. Furthermore, impurities other 
than water, particularly propionic acid and 
acetic acid, cannot be removed satisfactorily. 

It is an object of die invention n> provide a 65 
process for separa ting (raeth)acrytic acicLja 
which the sblventEas a nigner partition co- 
efficient than solvents which have hitherto been 
proposed, in which the (methjaerylic add is 
separated practically quantitatively in a few 
extraction stages, in which the solvent need not 
be distilled, in which the boiling point gfthe 

(meth)acryHc aridj in which the addition of a 
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salt to the aqueous phase is not necessary and 
in which the main impurities, Le, propionic 
acid and acetic acid, can be easily separated 

These and other objects are achieved in a 
process for the separation of (meth)acrytic acid 
from mixtures con^t&1fiiSg><meth)aciylic acid by 
extraction with aj lactam paving 4 to 7 ring 
members and bearing a hydrocarbon radical as 
subs tituent on the nitrogfcn atom. 



done, 3^Kiimetiiyi-N-isopropylpynolidone, f» 
6-dimethyl-N-cthylpiperiaone, N-pentylprperi- 
done, N-nonylpiperidone, N-butylcaprolactam 
and N-octylcaprolactam. 

It is particularly advantageous to use pvr- 
rolidones which bear a hydrocarbon radical 
with 6. to 20 carbon atoms as subs thum t on 
the nitrogen, alkyl and alkenyi grou ps bei ng 
preferred as hydrocarbon radicals. Examples 



i 



ibstituent on the nitrogen atom. ptiaiui UJ ^.~~.~ — 0, Tj — 

-rte new process is suitable for separating are: N-heptylpyrrohdone, N-ociylpyrrolidnae, 

10 fmSSc add from both liqSd and N-ethylhexylpynolidwje, N-decy^yrroMone, 

Soto^xtures containing (mrtb)aaylic N-dodecylpyrrolidone, N^aadecylpyirolidoae, 

XAStto^SonsotSincoinke^l . N-hegy KfrjKpW ^ ^ 

proasses and containing about 2 to 50%, pyrrolidine. N^ohe^rpyrtolidoa^ N- 



15 preferably 5 to 30%, by weight of (meth)acrylic 
acid are particularly suitable. The aqueous 
solutions may also contain other water-soluble 
organic or inorganic substances, such as lower 
alcohols, saturated carboxylic acids, carbon 
20 dioxide or metal salts. Experience has sh own 
that 3uch substances do not affect the extraction 
of (meth)acrylic acid even if they are also 
extracted by the solvent It is particularly 
advantageous to use aqueous (meth)acryUc acid 
25 solutions obtained in the commercial oxidation 
of propylene or isobutylene or by scrubbing the 
reaction gases with water. 

According to the new process it is also 
possible to extract (meth)acryiic acid sdectivety 
30 from vapors. Thus, the reaction gases obtained 
in the commercial oxidation of propylene or 
isobutylene and containing (meth)acrylic acid 
may be treated with the solvent Vapors having 
a high water content are also suitable as 
35 starting materials. The new process is particu- 
larly advantageous in the purification of vapors 
containing more than 50% by weight of (meth) 
acrylic acid. % 
Lactams having 4 to 7 nng members and 
40 bearing a hydrocarbon radical with 6 to 20 
carbon atoms as subsutuent on the nitrogen 
atom are used as solvents. Suitable compounds, 
which should be liquid under the reaction 
conditions, are propiolactams, pyrrolidones, 
45 piperidones and caprolactams which bear an 
alkyl, alkenyl, cycloalfcyl, aryl or aralkyl radical 
as substuuent on the nitrogen atom. Alkyl 
radicals with 6 to 20 carbon atoms, cydoalkyl 
radicals with 6 to 12 carbon atoms, aryl radicals 
50 w j t h 6 to 12 carbon atoms and aralkyl radicals 
with 7 to 12 carbon atoms, are preferred as 
hydrocarbOD radicals on the nitrogen atom of 
the lactam. The lactams may also bear alkyl, 
cycloalkyl, aryl or aralkyl radicals as subsnV 
tuents on one or more, preferably one or two, 
carbon atoms in the ring. If the lactam bears 
more than one radical as substituenrs on carbon 
atoms, these substitucnts may be identical or 
different Referred radicals are alkyl groups 
having 1 to 6 carbon atoms, cycloalkyl groups 
having 5 to 8 carbon atoms, aryl groups having 
6 m 10 carbon atoms and aralkyl groups 
having 7 to 12 carbon atoms. Examples of 
At , suitable compounds are N^crylpropiolactarn, 
4-emyl-N^exylpropiolactam, N-butylpyrroli- 
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toryipyrroMone and N-<2^)henyiethyl>-pyr- 
rolidone are also suitable. t 

In order to avoid difficulties in the disullanve 
purification of the solvents— a measure which 
is necessary after prolonged onstream periods- 
it is advantageous to use those solvents which 
contain a total of not more than 25, preferably 7 
to 20 and particularly 10 to 17 carbon atoms. 
For extracting aqueous (methjacryiic add 
solutions those solvents are particularly suitable 
which at room temperature have extremely bw 
water-sombOity, Le. up to about 0-2% by 
weight, so that the extractant contained in the 
aqueous solutions can be easOy recovered, eg. 
by extraction with an aromatic hydrocarbon. 

Obviously mixtures of solvents may be used 
instead of pure solvents. Mixtures of the 
abovementioned solvents may be used. It is 
however also possible to use mixtures of the 
abovementioned solvents with other solvents, 
such as aliphatic, cydoaliphatic or aromatic 
hydrocarbons, halohydrocarbons, ethers ox 
esters; the lactam content should be at least 
50% by weight Many of such mixtures ha ve 
lower water-solubility than the pure solvents. 

The extraction may be carried out within a 
wide temperature range, between 0° and 200° Q 
particularly between room temperature and 
150°C In the extraction of solutions, however, 
the use of a temperature other than room 
temperature does not offer any further advan- 
tages. Extraction is usually carried out at 
atmospheric pressure, but superatmosphenc 
pressure, e.g. up to 5 atmospheres gauge, may 
also be used. The use of subatmosphenc 
pressure, eg. 10 to 600mmHg, may be 
advantageous in the extraction of vapors. 

The extraction of (meth)acrylic add from 
solutions is carried out in conventional manner 
either batchwise or preferably continuously. 
Tt is usually carried out in more than one st age* 
It is advantageous to use continuous extractive 
columns having 2 or more, particularly 2 to 20, 
theoretical trays. In many cases, about 95% 
of the (methjacryiic add contained in an 
aqueous solution can be separated in 2 stages. 
The amount of solvent used is usually 0-1 to 10, 
advantageously 0-2 to 5, times the amount of 
the solution, the initial concentration and the 
desired final concentration being the governing 
factors. In principle, it is possible to produce 
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extracts whose (mcth)aayb'c acid concentration 
is as high as the concentration of the aqueous 
solution multiplied by the distribution co- 
efficient. In general, however, solutions of 
5 slightly lower concentration are obtained. 
The extraction of (meth)acxylic add from 
vaporous mixtures is also carried out in con- 
ventional manner, eg. by contacting the 
vapors with the solvent amntercurrentry. For 

10 example, the vaporous mixture to be separated 

— is introduced into the lower or middle part of a 
distillation column, while the solvent is supplied 
to the top of the column. The pressure and the 
temperature at the top are so chosen that the 

15 water and/or the other impurities can be with- 
drawn in vapor form and that this vapor 
contains very little or no (meth)acryiic acid. 
For example, pressures between 100 and 
1,000 mm Hg at temperatures of from 50 to 

20 150°G are suitable, low pressures being used 
at low temperatures. The solvent which con- 
tains (mcth)acrylic acid is withdrawn at the 
bottom of the column and supplied to a second 
distillation column where (meth)acrylic acid is 

25 distilled off and the solvent is recovered as 
bottoms product The solvent is then recycled. 

The two methods, namely liquid-liquid 
extraction and extraction from the gas phase, 
may be combined. Thus, dilute aqueous 

30 solutions are advantageously first subjected to 
liquid-liquid extraction with the solvent and 
the solution obtained is then subjected to 
extractive distillation. Obviously it is possible 
first to separate the (meth)acryiic add from the 

35 organic solution by distillation. It is advan- 
tageous however to introduce the organic 
solution direct into the top of the distillation 
column. The mixture of water, (meth)acrylic 
acid, possibly acetic add and propionic add, 

40 and small amounts of extractant, which mixture 
is obtained in vapor form at the top of the 
distillation column, is condensed by cooling and 



conditions of the extractive distillaSSS 
therefore possible to withdrawals 
saturated adds from the vapor cJd^b^l 
point of tiie distillation cohimni wlSre; 
concentration in the gas phase is iat ai " 
This side stream always contains 
amount of (meth)acrylic add^X^jbnwaw 
two saturated carboxyiic acids^ailf'"* - *^ 
rather large amounts with reference' 






'Pirn- 



which a small 
fed. Tbe wash 
into the distillation 
The (meth)acrylic add is rear 



second side stream below m ^^^(^^^^ib^^%^l : 
the two saturated carboxyiic : adds*are^wh±t§% * 
drawn. ■ ^^^0^J^f 

All product streams ivAdnrii^ou^S^/. . 
vapor chamber contain a smaBt mount^of • 
solvent vapor. In order to., fteef 
solvent they are washed with a ttim^'-jter* /■ 
liquefied product, the wash Uq^^erig^re- 
cyded to a point in the cohnnn at;the same J 75/ 
height at which the stream coiicerned is 'with- • 
drawn. " ' <• 

In the course of the aeyMa^ ; tte^l^ ^ )&>y.-,^^ 
enriched with higher-boning omspoi^^^^^ ^ffispp 
order to prevent theseA/componh#^^ 
exceeding a certain level$a -bleed^srieffl^stP^^ ^W* J 
solvent is withdrawn, freed^fiain£th£8e^^ 
purities by dntmtfm : '*^ 
solvent as overhead product and recyclS^^ 

In the extraction of ?ali0;wt^ 
acrylic add solution wirh half tjie 
various solvents at room 
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figures listed in the: following*: Tah^s^arejSid) .. 
obtained. Table 1 gives the results (obtamteo^^? 
supplied to the liquid-liquid extraction column with conventional solvents' and Twe^2/^tS^ w 
at a suitable pwint. results obtained wirh solvents cf th^ ^bcro^ 

Concentration of any acetic add and pro- according to the invention. In Table 3 the5v r :K 
picnic add that may be present takes place in distribution coetBdenls for acrylic add * are 95 
the distillation column above the (meth)acrylic compared with those tor propionic add and & 
add owing to their lower distribution co- acetic acid. 
effidents, Le, their higher volatility under the 
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Solvent 



butanol 
butyl acetate 
ethyl acetate 
methylene chloride 
acrylonitrile 
diethylketone 
diisopr opyl ether 



Table 1 
A 

g of water 
perlQOgof 



B 

gofsobent 
per 100 g of 



methyl acrylate 
ethyl aocykte 
batyl acrytoe 
benzene 
diethyl ether 
furan 

2-methylfuran 
2,5-dihydrofuran 

2j3-dihydropyran 

2-methyltettahydropyran 
hesamethylene oxide 



22-0 
5-6 
8-9 
0-3 
8-9 
7«2 
2-5 
4-7 
7-1 
4-4 
2-0 
0-1 
64 

0- 35 
04 

22-8 

1- 3 

4-6 



2-05 

0- 5 
6-7 

1- 7 
8-05 
5-6 

0- 5 

♦9 

1- 6 

0-2 
10-35 
0-7 
04 
14-9 
0*5 
5-1 

2- 4 



3- 65 
2* 
2-7 
04 
24 
34 
2-05 
21 
2-3 
14 
0-5 
OS 
44) 
0-9 

0- 7 
30 

1- 3 

4- 2 
4-7 



Solvent 



Tabu 2 
A 

g of mater 
per lOOgof 
organic phots 



B 

gofsohem 
per 100 g of 

aqueous phase 



N-isooctylpyxrolidone 
N-dodecylpyrrolidone 
N-oleylpyjTolidaoe 



22 
19 
20 



1-2 
0-8 
0-9 



7-8 
4-8 
3-14 



A denotes the solubility of water in the 
organic phase, while B indicates die sohibuity 
5 of the solvent in the aqueous phase free from 



acrylic add. K is the distribution coefficient 
for acrylic acid. 



Solve/ft 



Table 3 
(Distribution coefficients) 

K K 
(acryEeadi) {propionic add) 



N-isooctylpyiiolidone 
N-n-hexylpyrrolidone 
N-d odecylpyrrolidone 
K-oIeylpyrrolidone 



7-8 
6-85 
4-8 
314 



5-6 
4-0 

2~54 




In the extraction of aqueous solutions con- 
.,, taining 10 wt. % of methacrylic addor 10 i wt% 
iU of isobntyric acid or 10 wt % of propionic acid 



with half the volume of solvent at roam 
pemrure the figures listed in Table 4 
obtained* 



15 



Solvent 



Table 4 
(Distribution coefficients) 

K & 

(isobtayricadd) 



K 

(propionic add) 



N-isooctyipyxrolidone 28-5 
N-dodccylpyrrolidane 1" 



17-4 
1(H) 



5-6 
315 
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Example! 

Crude aqueous acrylic add containing 
15*74% by weigit of acrylic aod, 2-74% by . 
weight of acetic add and 2-57% by weight of 
carbonyl compounds (calculated as acrolein) is 
used as starting material. N-2-ethylhesyl- 
pyrroUdoneTNOP^is employed' as extxaffint. 

1*5 1 pernouFoT aqueous acrylic acid and 
1-5 1 per hour of NOP are supplied to the top 
and bottom respectively of a pulsed extractive 
column 40mm in diameter and having 60 
perforated trays, each with 19 holes 2 mm in 
diameter, the tray spacing being 50 mm. The 
solution of NOP and acrylic acid which is with- 
drawn at the top is passed into a dehydration 
column (1,000mm in height, 70mm in 
diameter, packed with Raschig rings); a frac- 
tion consisting mainly of water is obtained at a 
pressure of 50 mm Hg, a bottoms temperature 
20 of 115°G and a temperature of 38°C at the top 
. and returned to the extractive column. The 
bottoms product obtained in the dehydration 
column is fed to a point approximately in the 
middle of a first acetic acid column (2£Q0 mm 
25 in height, 40 mm io diameter, packed with 
- stainless-steel wire mesh rings), while at die 
same time 0-1 1 per hour of NOP is supplied 
to the top of the column. At a pressure of 50 mm 
Hg, a bottoms temperature of 140°Q a tem- 
30 peramre of 47°C at the top and a reflux ratio of 
5:1a distillate containing 18% by weight of 
acrylic add, 70% by weight of. acetic acid, 
10*8% by weight of water and 0*75% by 
weight of carbonyl compounds is obtained. . 
35 This distillate is fed to a point approximately 
in the middle of a second acetic add column 
(1,200mm in height, 40mm in diameter, 
packed with stainless steel wire mesh rings), 
while at the same time 0-0151 per hour of 
40 NOP is supplied to the top of the column. At 
a pressure of 50mm Hg, a bottoms tempera- 
ture of 70°C, a temperature of 44°C at the top 
and a reflux ratio of 5 : 1 a distillate is obtained 
- which contains 80% by weight of acetic add, 
45 less than 0*1% by weight of acrylic acid, 
19-6% by weight of water and 0*55% by weight 
of carbonyl compounds. The amount of 
acetic acid contained in this distillate is 83*3% 
of the amount originally contained in the 
aqueous solution. -The- bottoms product from 
this column is recycled to the first acetic acid 
column. It contains 72% by weight of acrylic 
acid, 10% by weight of acetic acid and 0*23% 
by weight of water, the rest being NOP and 
55 higher-boiling impurities. 
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The bottoms product from die first acetic 
acid column is fed to the upper part of an 
acrylic acid column (1,200 mm in height, 
40 mm in diameter, packed with stainless steel 
wire mesh rings). At a reflux ratio of 1 : 1, a 
pressure of 30 mm Hg, a bottoms temperature 
of 170°C and a temperature of 66°C at the top 
acrylic acid having a purity of about 97*6 to 
98% by weight (96% of the amount originally 
contained in the aqueous solution) is obtained $5 
as di stillate 

The aqueous phase obtained in the extrac- 
tion column contains 0*4% by weight of 
acrylic acid and acetic acid and .2-98% by 
weight of carbonyl compounds. 

The NOP obtained as bottoms product in 
the acrylic acid column is recycled, a bleed 
stream of about 25% being previously purified 
by distillation. 

WHAT WE CLAIM IS:— 75 

1. In a process for separating methacrylic 
acid and/or acrylic acid from mixtures con* 
taining methacrylic acid and/or acrylic acid the 
improvement which comprises extracting said 
mixtures with a lactam having 4 to 7 ring 80 
members and bearing a hydrocarbon radical 
with 6 to 20 carbon atoms as substituent on the 
nitrogen atom as extractant. 

2. A process as claimed in claim 1 wherein a . 
pyrrolidone bearing an alky] radical with 6 to 85 
20 carbon aioms or an alkenyl radical with 6 to 

20 carbon atoms as substituent on the nitrogen 
atom is used as extractant. 

3. A process as claimed in claim 2 for 
separating methacrylic acid and/or acrylic acid 
from aqueous solutions containing 2 to 50% 
by weight of methacrylic acid and/or acrylic 
acid comprising extracting said solutions at a 
temperature of from 0? to 200°C and a pressure 

of from 10 mm Hg to 5 atmospheres gauge, 95 
off the methacryjic acid and/or 



soluTDjpnL cf 
and/or acrylic acid in said 
recycling the pyrrolidone 
1 trams product in the distillation 100 




4. A process for separating acrylic acid from 
a mixture containing acrylic acid substantially as 
described in the foregoing Example. 

J. Y. & G. W. JOHNSON, 
Purnival House, 14—18 High Holborn, 
London, W.C.1, 
Chartered Patent Agents, 
Agents for the Applicants. 
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